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Abstract 
Background: Pruritus is a distressing symptom of cholestatic, inflammatory, 
and malignant liver diseases. It is a common symptom in many biliary and 
cholestatic disorders such as primary biliary cirrhosis (PBC). Several me-
chanisms are generally accepted as possible explanations to the underlying 
basis of itch. However, the exact pathophysiology of pruritus in liver diseases 
remains unclear. The cutaneous and central neurobiology of pruritus is com-
plex and underlies a regulation of variable mechanisms. At present, not all 
mechanisms including neuromediators and receptors are known. Objective: 
Our objective is to evaluate whether the expression pattern of NGF and its 
receptor TrK A has a role in pruritus in a group of Egyptian cirrhotic pa-
tients. Patients and Methods: Forty Patients with liver cirrhosis were 
enrolled in the study depending on clinical evidence of stigmata of chronic 
liver disease (e.g. jaundice, ascites, palmar erythema, spider naevi, etc.) and 
ultrasonographic features of liver cirrhosis (e.g. coarse echo texture, shrunken 
liver, etc.). Patients were divided into two groups. Group (1): included 20 pa-
tients cirrhotic patients without pruritus. Group (2): included 20 patients 
cirrhotic patients with pruritus. A group of age and sex matched healthy 
twenty volunteers as a control. Results: After evaluation of histopathological 
using hematoxylin and eosin stained sections (H&E) was done. There was 
positive correlation between NGF protein expression and severity of pruritus 
in cirrhotic patients with pruritus (r = 0.876, p value ≤ 0.001). Also there was 
positive correlation between TrK A protein expression and severity of pruri-
tus in cirrhotic patients with pruritus (r = 0.44, p value ≤ 0.05). Conclusions: 
We report, for the first time, role of these proteins (NGF/TrK A) in the me-
chanism of pruritus in cirrhotic patients and may provide a potential target 
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for new treatment of pruritus in cirrhotic. 
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1. Introduction 

Chronic pruritus or itch (defined as lasting for at least 6 weeks) [1] is a common 
symptom associated with many dermatological diseases [2], such as eczema or-
contact dermatitis, and with psychiatric and neurological disorders [3]. 

Pruritus is a distressing symptoms of cholestatic, inflammatory, and malig-
nant liver diseases [4]. It is a common symptom in many biliary and cholestatic 
disorders such as primary biliary cirrhosis (PBC) [5]. 

Several mechanisms are generally accepted as possible explanations to the 
underlying basis of itch [6]. However, the exact pathophysiology of pruritus in 
liver diseases remains unclear [7]. 

The cutaneous and central neurobiology of pruritus is complex and underlies 
a regulation of variable mechanisms [8]. At present, not all mechanisms includ-
ing neuromediators and receptors are known [9]. 

The common ectodermal origin of nervous system and the skin suggests that 
growth factors regulating the development and function of neurons are also in-
volved in the control of skin homeostasis and remodeling [10]. 

Neurotrophins (NTs) belong to a group of functionally and structurally re-
lated proteins, the neurotrophic factors’ family that were first identified as pro-
moters for neuronal survival [11].  

Nerve growth factor (NGF) was the first NT to be discovered during a search 
for survival factors. Two Brain-derived neurotrophic factor (BDNF) was the 
second NT to be characterized. It has been identified as a survival factor for sev-
eral neuronal populations not responsive to NGF. There are four NTs are ex-
pressed in mammals: NGF, BDNF, NT-3 NT-4. NT plays a critical role in neu-
robiological aspect of mental development [10]. 

Nerve growth factor (NGF) and its receptor tyrosine kinase A (TrK A) were 
shown to be expressed in healthy human skin where they are involved in sensi-
tization of peripheral neuroreceptors such as the histamine and capsaicin 
(TRPV1) receptor [12]. 

2. Aim of the Study 

The present study aims to explore the expression pattern of NGF and its recep-
tor TrK A in cirrhotic patients with pruritis in comparison to cirrhotic patients 
without pruritus and to evaluate correlations between tissue levels of measured 
parameters and severity of the disease. 
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3. Patients and Methods 

This case-control hospital based study was carried out at the Department of 
Dermatology Venereology and Andrology jointly with Department of Gastroen-
terology and Tropical Medicine at Sohag University Hospitals Egypt.  

4. Inclusion Criteria 

This study included 40 patients diagnosed with liver cirrhosis depending on 
clinical evidence of stigmata of chronic liver disease (e.g. jaundice, ascites, pal-
mar erythema, spider naevi, etc.) and ultrasonographic features of liver cirrhosis 
(e.g. coarse echo texture, shrunken liver, etc.) during the period between January 
2018 till June 2018. 

Patients were divided into two groups. 
Group (1): included 20 patients cirrhotic patients without pruritus. 
Group (2): included 20 patients cirrhotic patients with pruritus. 
A group of age and sex matched healthy twenty volunteers as a control. 

4.1. Exclusion Criteria 

1) Patients with history of associated endocinal disorders e.g., diabetes melli-
tus, thyroid disease or chronic renal illness. 

2) Patients presented with itchy or non itchy dermatosis. 

4.2. Ethical Consideration 

The study was approved by the Ethics Committee on Research Involving Human 
Subjects at University of Sohag. All individuals invited were informed in detail 
about the investigation and voluntarily signed the Informed Consent Form with 
respect to patient’s confidentiality. 

4.3. Methods of the Study 

Each patient included in the study was subjected to: 
 Complete history taking and physical examination 

Laboratory investigations: total & differential bilirubin, Aspartate amino-
transferase (AST), Alanine aminotransferase (ALT), serum alkaline phosphatase, 
serum albumin, prothrombin time and concentration, total & differential biliru-
bin, hepatitis markers for HBV and HCV, serum creatinine, Haemoglobin level 
(Hb). 
 Assessment of the severity of liver disease 

The functional severity of liver disease was assessed using the Child-Pugh 
grading system [13]. 

Child (A) 5 - 6. 
Child (B) 7 - 9. 
Child (C) 10 - 15. 

 Abdominal ultrasonography 
To evaluate liver (size, echogenicity and any focal lesion), portal vein, spleen, 
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portosystemic collaterals, and detect ascites. 
Dermatological examination: complete dermatological examination was 

performed including skin, mucous membranes, hair and nails. 
The severity of itching was assessed with the 5-D itch score [14]. It is a brief 

but multidimensional questionnaire. The five dimensions are degree, duration, 
direction, disability and distribution. 

Skin biopsies and immunohistochemical evaluation: punch skin biopsies 
(4 mm) each were obtained from each included patient and the control fixation 
was done using 10% neutral phosphate-buffered formalin for 24 hours. The 
formalin fixed-paraffin embedded tissues were processed for routine histology 
(Hematoxylin and eosin stains) and special (Giemsa stain) as well as immuno-
histochemical stains at the Department of Pathology. 

5. Statistical Analysis 

Data was analyzed using SPSS computer program version 22.0.  
Quantitative data was expressed as means ± standard deviation, median and 

range. Qualitative data was expressed as number and percentage. The data were 
tested for normality using Shapiro-Wilk test. The non parametric Man-Whitney 
test, Kruskal-Wallis test and Spearman’s correlation were used for data which 
wasn’t normally distributed. 

One-Way ANOVA test and Pearson’s correlation were used for normally dis-
tributed data. Chi-Square test was used for comparison between qualitative va-
riables. A 5% level was chosen as a level of significance in all statistical tests used 
in the study.  

6. Results 

The study included 40 patients with mean age (52 ± 9.1) were divided into two 
groups; cirrhotic patients with pruritus (N = 20), cirrhotic patients without pru-
ritus (N = 20) as well as 20 age and sex matched healthy volunteers as a control 
group.  

The main aetiology of liver cirrhosis was HCV infection in 50% of cases.  
There were no significant differences between the two groups as regard age 

and gender as shown in Table 1. 
Table 2 showed no significant differences between the two groups as regard 

the clinical and the laboratory parameters. 
The itching was severe among patients with HCV infection as shown in Table 

3. 
There was positive correlation between NGF protein expression and severity 

of pruritus in cirrhotic patients with pruritus (r = 0.876, p value ≤ 0.001) as 
shown in Figure 1. 

There was positive correlation between TrK A protein expression and severity 
of pruritus in cirrhotic patients with pruritus (r = 0.44, p value ≤ 0.05) as shown 
in Figure 2. 
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Table 1. Demographic characteristics are summarized in Table 1 and there were no sig-
nificant differences between the two groups as regards any of these parameters. 

Parameter 
Group 1 

(without pruritus) 
(N = 20) 

Group 2 
(with pruritus) 

(N = 20) 
p-value 

Age 
Mean ± S.D. 

Median (Range) 

 
55.7 ± 5.3 

55 (47 - 67) 

 
52.7 ± 9.1 

55 (35 - 67) 
0.234* 

Gender 
Males 

Females 

 
11 (55%) 
9 (45%) 

 
9 (45%) 
11 (55%) 

0.766** 

*p-value was calculated by Kruskal Wallis test; **p-value was calculated by Chi-Square test. 

 
Table 2. Clinical and laboratory characteristics of studied population. 

Characteristics  

Ascites 
No 
Yes 

 
19 (47.5%) 
21 (52.5%) 

Lower limb edema 
No 
Yes 

 
29 (72.5%) 
11 (27.5%) 

Jaundice 
No 
Yes 

 
25 (62.5%) 
15 (37.5%) 

Aetiology of liver cirrhosis 
HBV 
HCV 
Mixed 

Unknown 

 
10 (25%) 

21 (52.5%) 
6 (15%) 
3 (7.5%) 

ALT (IU/L) 
Mean ± S.D. 

Median (Range) 

 
32.6 ± 5.8 

30.5 (24 - 45) 

Bilirubin (mg/dl) 
Mean ± S.D. 

Median (Range) 

 
2.4 ± 1.2 
2.4 (1 - 6) 

Albumin (mg/dl) 
Mean ± S.D. 

Median (Range) 

 
3.3 ± 0.7 

3.3 (2 - 4.5) 

Prothrombin 
Mean ± S.D. 

Median (Range) 

 
4.7 ± 1.2 
4.6 (3 - 7) 

7. Histopathological Findings 

Evaluation of histopathological using hematoxylin and eosin stained sections 
(H&E) was done and compared among the studied three groups as shown in 
Table 4. In the skin biopsy specimens of the cirrhotic patients with pruritus we 
found several histological changes including: epidermal hyperplasia (acanthosis),  
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Table 3. Comparison between group 1 and group 2 regarding clinical and laboratory data. 

Parameter 
Group 1 

(without pruritus) 
(N = 20) 

Group 2 
(with pruritus) 

(N = 20) 
p-value 

Ascites 
No 
Yes 

 
7 (35%) 
13 (65%) 

 
12 (60%) 
8 (40%) 

0.113* 

Lower limb edema 
No 
Yes 

 
14 (70%) 
6 (30%) 

 
15 (75%) 
5 (25%) 

0.723* 

Jaundice 
No 
Yes 

 
12 (60%) 
8 (40%) 

 
13 (65%) 
7 (35%) 

0.744* 

ALT (IU/L) 
Mean ± S.D. 

Median (Range) 

 
31.9 ± 5.04 
30 (25 - 45) 

 
33.4 ± 6.6 

31 (24 - 45) 
0.673 ** 

Bilirubin (mg/dl) 
Mean ± S.D. 

Median (Range) 

 
2.6 ± 1.3 
2.5 (1 - 6) 

 
2.2 ± 1.08 

1.9 (1 - 4.1) 
0.481 ** 

Albumin (mg/dl) 
Mean ± S.D. 

Median (Range) 

 
3.2 ± 0.7 

3.1 (2 - 4.5) 

 
3.4 ± 0.7 

3.6 (2.1 - 4.5) 
0.231 ** 

Prothrombin 
Mean ± S.D. 

Median (Range) 

 
4.8 ± 1.3 
4.8 (3 - 7) 

 
4.5 ± 1.3 

4.1 (3 - 6.8) 
0.341 ** 

Stage of liver cirrhosis 
Stage A 
Stage B 
Stage C 

 
6 (30%) 
9 (45%) 
5 (25%) 

 
10 (50%) 
6 (30%) 
4 (20%) 

0.425** 

*p-value was calculated by Chi-Square test; **p-value was calculated by Mann-Whitney U Test. 

 
Table 4. Relation between severity score of pruritus and cause of cirrhosis. 

Severity score 
HBV 

(N = 4) 
HCV 

(N = 10) 
Mixed 
(N = 3) 

Unknown 
(N = 3) 

p-value 

Mean ± S.D. 
Median (Range) 

10 ± 1.2 
10 (9 - 11) 

19.3 ± 3.1 
19.5 (14 - 24) 

12.7 ± 2.5 
13 (10 - 15) 

11.7 ± 2.5 
2 (9 - 14) 

0.003* 

*p-value was calculated by Kruskal Wallis test. *Statistically significant. 

 
vascular ectasia (dilated dermal blood vessels), hypertrophied dermal nerve 
endings, leucocytoclasia (swelling of the endothelial cell lining of the blood ves-
sels without fibrinoid necrosis, or extravasation of red blood cells) and lympho-
cytic vasculopathy. Evaluation of mast cell count in Gimesa stained skin sections 
revealed an increased numbers of these cells in the group of cirrhotic patients 
with pruritus (N = 5 - 10). The cells noted in perivascular, perineural and inters-
titial distribution (between collagen bundles) (Figure 3). 
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Figure 1. Correlation between severity score and NGF expression in pa-
tients with pruritus. 

 

 
Figure 2. Correlation between severity score and TrK A expression in pa-
tients with pruritus. 

8. Discussion 

Pruritus is a common symptom in hepatobiliary disorders, particularly in those 
related to cholestasis [15]. Its prevalence is variable among liver diseases, rang-
ing from 5% in chronic hepatitis C virus infection to 70% in primary biliary 
cirrhosis [16].  

Despite the major advances in the last 15 years in the study of pruritus it re-
mains unclear how peripheral and central mechanisms take place, increased 
production and release of cytokines, neuropeptides and neurotrophins possibly  
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Figure 3. H&E stained tissue sections showing histological differences between cirrhotic 
patients with and without pruritus. (a)-(b): Non-pruritus skin ((a) 100×) ((b) 200×). 
(c)-(i): Pruritus skin with: vascular ectasia ((c) (400×)), hypertrophied Nerves (d)-(f) ((d) 
100×, (e) 200×, (f) 400×), inflammatory cells around the nerves ((h) 400×) and lympho-
cytic vasculopathy ((i) 400×). 
 
lead to exacerbation of pruritus [17]. 

To the best of our knowledge, there were no previous studies that investigated 
the expression pattern of NGF and its receptor TrK A in cirrhotic patients with 
pruritus.  

We carried out this investigation using immunohistochemical technique to fill 
this existing gap in literature and to test our hypothesis. 

We found also increased numbers of mast cells which have perivascular, peri-
neural and interstitial distribution and bile acids are known to be potent activa-
tors of mast cells causing histamine excretion that might also constitute the rea-
son for itch [18]. 

In the current study, the expression pattern of NGF protein in the skin of 
cirrhotic patients with pruritus in comparison to non-pruritus and normal 
healthy skins.was higher in both the epidermis and dermal adnexal structures in 
cirrhotic patients with pruritus and this agree with Dou et al. [9] who reported 
that there were higher levels of NGF in the keratinocytes of the epidermal basal 
and spinal layers, and more in dermal infiltrating inflammatory cells in the early 
atopic dermatitis lesion, compared to the controls.  

The study also demonstrate that there is a relation between severity of pruritus 
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and HCV as a cause of cirrhosis, Desphande et al. [19] found that the mechan-
isms of HCV-associated pruritus are attributed to HCV-induced cholestasis and 
the induction of interferon-stimulated genes as a result of viral overload. 

The elevated production of cytokines (e.g., IL-8) and chemokines during the 
course of cholestatic HCV is expected to be the main mediators for the induc-
tion of HCV-associated pruritus [20]. 

In conclusion, Our novel findings suggest a pathophysiological role of these 
proteins (NGF/TrK A) in the mechanism of pruritus in cirrhotic patients and 
may provide a potential target for new treatment of pruritus in cirrhotic pa-
tients. 
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